A pot experiment was conducted in green-house of Soil and Water Research Department, Nuclear Research Center, AbouZaabal, Egypt in winter 2016. Nitrogen fertilization management and irrigation water regime were as field practices were followed to improve sugar beet production under salinity stress condition. Sugar beet plants were irrigated with 8 and 16 dS m -1 saline water at 100%, 80% and 60% water regimes. Plants were fertilized with 100%, 80% and 50% of fertilizer-N recommended rates. Shoot dry weight was not significantly affected by experimental factors while root dry weight significantly but negatively affected by reduction in water quantities and raise of water salinity. On the other hand, dry weight of root of plants treated with N50 was superior over other N rats especially under W80 and W60 water regimes. Nitrogen uptake by shoot and roots was variably significantly affected by water and N fertilizer regimes under different water salinity levels. Based on mean averages of water and nitrogen treatments, W100, N80 and N100 interacted with salinity levels were the best treatments. Generally, N uptake was negatively affected by shortage in water requirement (regime). The highest values of N uptake by shoots of plants irrigated with 8 and 16 dS m -1 salinity levels were recorded with application of 50% N recommended rate. N80 and N100 interacted with salinity levels resulted in the best N uptake by root under W100, W80 and W60, respectively. Nitrogen derived from fertilizer (Ndff) by shoot tended to be reduced with irrigation water shortage up to W60 (water scarce). On the other hand, in most cases, Ndff values were increased with irrigation water salinity levels. It means that sugar beet as salinity tolerant plant acted well and able to gain more nitrogen from chemical fertilizer. More Ndff by shoot was gained when plants fertilized with either N80 or N50 rates. Ndff by root was negatively affected by shortage of water requirement and declined with increasing water salinity but enhanced with low rate of chemical fertilizer added especially at W100 regime. Interaction of salinity and nitrogen rates (S x N) resulted in the increase of %NUE with S8 and S16 salinity levels comparing to fresh water (FW) treatment. This was true, but in low extent, with W80 and W60 water regimes. The highest %NUE by root was recorded with N50 interacted with FW under W100 regime. It means that low N rates meet the plant demand without risk on production and achieved the most benefits from the added doses.
INTRODUCTION
Water scarcity is defeating billion peoples in different regions of the world (Oki and Kanae, 2006) . In the same time, agriculture systems consumed large quantities of available water which accounted for 70% worldwide (Gerbens- Leenes and Nonhebel, 2004; Sepaskhah and Ahmadi, 2010) . In dry areas, it becomes a serious issue in recent years (Kang and Zhang, 2004) . So, improvement of water use efficiency and productivity is particularly important in the regions suffered from water scarcity (Molden et al., 2003) . One of the alternatives to solve water shortage is the use of unconventional saline water resources.
Egypt is located in the northern subtropics and like other countries of North Africa and West Asia, it lies in arid and semi arid areas of the world. The only successful agricultural activity is in a small area of the Nile delta where intensive irrigated agriculture is practices over 3.1 million hectares (about 5% of the country area). Even in this area, secondary salinization of the soil is a serious problem. The total area of salt affected soil is estimated to be 1.8 million ha. The salt affected soils in Egypt are located mainly in the Northern Delta region and also spotted in some area in Middle, Western and Eastern area of the Nile Delta beside that found in El-Fayoum, Wadi ElNatroon and Oasis in the Western desert area of Egypt as well as coastal land in Sinai (Aly, 2004) .
Sugar beet (Beta vulgaris L.) is classified as a field crop well suited for deficit irrigation applications (Vamerali et al., 2009) . However, many studies reported yield losses in water deficit conditions. In this respect, Sahin et al., (2014) found significant polynomial relationships between irrigation quantities and root yield or white sugar yield (WSY) in both full irrigated (FI) and partially root dry (PRD) treatment. PRD technique increased by 34.9% irrigation water use efficiency (IWUE) compared to FI. In addition, Mahmoodi et al. (2008) showed that irrigation regimes had a significant effect on sugar yield of sugar beet and its quality. They indicated that optimum soil water content for maximum root yield and quality was 70% of the field capacity. Yonts (2011) expressed that root and sugar yield of sugar beet was the highest for full irrigation and sugar content did not significantly change by reducing irrigation to 25%. Kiziloglu et al. (2006) and Topak et al. (2011) observed a significant decrease of root, leaf, and total sugar yield of sugar beet under semiarid and cool season climatic conditions as affected by the deficit irrigation water practices. They found a linear relationship between evapotranspiration and root yield. Water use efficiency was the highest at non-irrigated or deficit irrigation water conditions.
This work aimed at recognizing the most and proper water and nitrogen management those helps sugar beet crop to combat salinity stress of irrigation water used.
MATERIALS AND METHODS
A pot experiment was carried out in the green-house of Soil and Water Research Department, Egyptian Atomic Energy Authority (EAEA), Egypt. The experiment was set up at 26 October 2016 and harvested at 20 April 2017. Pots were packed with 20 kg per each one of sandy clay loam soil (Table 1) . Total of 108 pots were randomly distributed in the green-house and completely randomized block design was followed. Seeds of sugar beet (Beta vulgaris L. var. Natura KWS), were cultivated at rate of 6 seeds per pot thinned to 3 seedlings after 20 days of cultivation. Super phosphate (P 15.5%) and potassium sulfate (K 45%) fertilizers were added at soil preparation before seeding, at rates of 480 kg P ha-1 (equal to 4 g P pot-1) while potassium was applied at rate of 120 kg K ha-1 (equal to 1 g K pot-1). Nitrogen fertilizer was added in 15N-labeled ammonium sulfate with 2% atom excess. Three doses of N-fertilizer in addition to un-fertilized control were applied representing 100% (150 kg N ha-1, equal to 1.5 g N pot-1 ), 80% (120 kg N ha-1, equal to 1.2 g N pot-1) and 50% (75 kg N ha-1, equal to 0.75 g N pot-1) of the recommended rates stated by Ministry of Agriculture and Land reclamation of Egypt (MALR, 2006) . These rates were splitted into three equal doses applied at 16 Nov., 2016; 12 Dec., 2016 and 11 Jan., 2017, respectively. Pots were irrigated on the basis of field capacity. Saline irrigation water with 8 and 16 dS m-1 were used. Irrigation with fresh water was also included as control treatment. Saline irrigation water was prepared by mixing sea water (35.5 dS m-1) with fresh water, (0.9505 dS m-1 as control) at different portions using the next equation of Ayers and Westcot (1989) Carter and Gregorich (2008) , while plant chemical analysis was carried out according to Estefan et al., (2013) .
15N/14N ratio analysis following the isotope dilution concept was carried out according to IAEA, (2001) and the following standard equations were used for calculation of nitrogen derived from fertilizer (Ndff), nitrogen use efficiency (%NUE).
Equations: % 15 N atom excess in plant % Ndff = -----------------------------------------x 100
% 15 N atom excess in fertilizer Nydff = %Ndff x total N uptake.
Nydff % FUE = ---------------------------------x 100
Rate of fertilizer applied Data of the current study were statistically analyzed using Statistical Software Program (PC-Mstat) according to Power (1985) . Means of treatments were compared with the Least Significant Difference (L.S.D) at the 0.05 level according to Gomez and Gomez (1984) and (SAS, software program, 2002) .
RESULTS AND DISCUSSION

Dry matter yield
Application of full water requirements as well as reduced quantities doesn't reflect any different responses of shoot dry weight (Table 2 ). All fertilizer-N rates resulted in some slight but insignificant increases in shoot dry weight over the unfertilized control. There were no significant differences between different N rates. On the other hand, interaction between salinity levels and nitrogen fertilizer rates showed significant reflection since the dry weight of shoot, in most cases, tended to increase with either 8 or 16 dS m-1 salinity levels. Dry matter yield of shoot was significantly affected by 16 dS m-1 salinity level. Interaction of salinity and nitrogen rate showed higher shoot dry weight with application of N80 than others under W100 water regime. Under W80 regime, N50 rate induced insignificant slight increase in shoot dry weight. In case of W60, increases in shoot dry weight were observed with interaction between S16 and N100 rate.
Root dry weight was significantly affected by different experimental factors (Table 2) . With respect to water regime, data revealed significant increase in root dry weight under W100 followed by W60 then W80. This indicated gradual decrease in root dry weight with reduced water regime. Also, interaction between salinity levels and N rates reflected the superiority of N80 and N50 under W100 and W60, respectively. Under all water regimes, root dry weight was reduced by increasing water salinity levels. Severe reduction in root dry weight was detected with S16 interacted with N80 and N50 under W80 and W60 water regimes.
In conclusion, shoot dry weight was not significantly affected by experimental factors while root dry weight significantly but negatively affected by reduction in water quantities and increases of water salinity. On the other hand, dry weight of root of plants treated with N50 was superior over other N rates especially under W80 and W60 water regimes.
In accordance, results of Zare et al., (2012) showed that, shoot length diminished with increasing salinity levels in all studied genotypes. The most effective level in reducing plant attributes was 16 dS m-1 of NaCl. In addition, they found best level of NaCl concentration in root length, shoot length, seedling length and seed vigor was 4 dS m-1.
Seedling dry weight was increased with increasing osmotic potential until 8 dS m-1 but decreased with 12 dS m-1. Dealing with water requirement regimes, Uçan and GençoĜlan (2004) stated that sugar beet is a crop, which is affected by water deficit. They found fluctuation in the yield related to the amount of water given. Their results indicated the highest sugar beet yields with the highest irrigation level I1 (1331 mm season-1) while the lowest was in level I6 (429 mm season-1). They processed Tukey's test and results showed that the root and sugar yields were significantly different (P<0.05) among the irrigation levels. Also, in consistent with our results, Sakellariou-Makrantonaki et al. (2002) found those 80% and 100% subsurface drip irrigation (SDI) treatments produced a similar root yield, but the first saved 16.6% of irrigation water requirements.
Nitrogen uptake
Water regime of 100% FC revealed that N uptake by shoot of sugar beet plants irrigated with fresh water tended to increase with increasing N fertilizer application rates (Table  3) . For instance, application of 100% N rate increased N uptake by about 43% over the unfertilized control, while application of 80% and 50% N recommended rate resulted in relative increase in N uptake by shoot by about 23% and 26% over the untreated control, respectively. It seems that the highest N uptake was recorded with the full dose of 100% N recommended rate followed by those of 50% and then those of 80% N recommended rate. With respect to irrigation with saline water at 8 dS m-1, data indicated there was no significant difference in N uptake comparable to those of FW under unfertilized control and those treated with 100% N fertilizer. On the other hand, salinity levels 8 and 16 dS m-1 induced remarkable increase in N uptake over those recorded with fresh water especially when plants were treated with 80% and 50% N recommended rates. In this respect, the highest values of N uptake by shoots of plants irrigated with 8 and 16 dS m-1 salinity levels were recorded with application of 50% N recommended rate. Nitrogen uptake by roots of plants irrigated with W100 tended to decrease with S8 salinity level, and then slightly increased with S16 salinity level. This was true under all nitrogen fertilization rates. Interaction between water salinity and N rates indicated the superiority of N80 over N50 and N100, respectively. In this regard, N80 was the best among N fertilization rates. Similar trend was noticed with W80 and W60 regimes but to somewhat lower extent. Interactions between the water and nitrogen regimes as affected by water salinity levels concluded the enhancement of nitrogen uptake by roots under W100 as compared to W80 and W60. Overall means of W80 and W60 were nearly closed to each other. Water salinity has a negative effect on N uptake values. Effect of N rates was significantly correlated to water regime. In this respect, N80 and N100 interacted with salinity levels resulted in the best values of N uptake by root under W100, W80 and W60, respectively.
On line, Hussein et al., (2015) found that interaction between water regime and nitrogenous fertilizer was significantly affected N content of sugar beet plants and in the same time urea form was found to be better than ammonium nitrate especially under 50% ETc water regimes. They attributed this phenomenon to continuous increase in urea fertilization in relation to the depression in water regime ETc percentage. Also, they detected an increase of N content under 50% ETc more than those of 75% or 100% Etc. In consistent, Abd El-Motagaly and Attia (2009) showed that N content and uptake by roots and foliage were significantly increased by increasing N fertilization over two seasons. Their data remarked that studied N content of foliage was higher than roots that are related to improvement of photosynthesis. This is on harmony with our presented data. Another researchers attributed the improvement of nitrogen uptake to K that helps in maintaining a normal balance between carbohydrates and proteins (Moustafa and Darwish, 2001; Monreal et al., 2007) . Esmaeili (2011) found that root yield increased as nitrogen increased up to the highest level used. They found the lowest yield (50.28 t ha-1) with no N while the highest yield of 61.45t ha-1 induced by 150 kg N ha-1.
Nitrogen derived from fertilizer Ndff
Portions and absolute values of Ndff by shoot were listed in Table (4), revealed that percentages did not varied with salinity levels but absolute values showed slight increases of Ndff with S8 and S16 salinity levels over those recorded for fresh water (FW). Interaction between salinity levels and nitrogen rates under W100 regime indicated that N100 under FW recorded the highest Ndff value gained by shoot while under S8 and S16, the highest Ndff by shoot were recorded with N50 fertilization rate. This phenomenon was proved by mean average (875.6 mg pot-1), of S x N interaction. Reduction in water regime W80 resulted in decline of Ndff values than those recorded with W100 regime. Similarly, it decreases with S8 salinity level, and then increased with S16 under N100 rate. Reversible trend was noticed under N80 rate where it slightly increased with S8 but severely decreased with S16 salinity level. In case of N50 rate, Ndff values were tended to increase gradually with increasing water salinity levels where the highest Ndff value (818 mg pot-1) induced by S16 salinity level. Interaction of S x N under W80 reflected the superiority of N100 rate over those of N80 and N50 rates. Although the W60 regime subjected sugar beet plants to water scarcity, the mean average (716.6 mg pot-1) of Ndff increased again comparing to those recorded with W80 regime but still lower than those of W100 regime. Interaction of S x N showed that the highest Ndff value (764.1 mg pot-1) was resulted from application of N80 rate followed by those of N50 and those of N100 came to the next.
It could be concluded that Ndff by shoot tended to be reduced with irrigation water reduction up to W60 (water scarce). On the other hand, in most cases, Ndff values were increased with irrigation water salinity. It means that sugar beet as salinity tolerant plant acted well and able to gain more nitrogen from chemical fertilizer. More Ndff by shoot was gained when plants fertilized with either N80 or N50 rates. On the contrary, nitrogen derived from fertilizer by root under W100 regime tended to declines with increasing water salinity up to S16. Similar trend, but to somewhat lower extent, was noticed with W80 and W60 water regime, respectively. Under this regime, Ndff values were increased with lower N rates (N80 and N50). It is worthy to mention that Ndff percentages recorded with root were to some extent higher than those of Ndff by shoot. In conclusion, Ndff by root was negatively affected by reduction of water requirement and declined with increasing water salinity but enhanced with low rate of chemical fertilizer added especially at W100 regime.
Nitrogen use efficiency (%NUE)
Efficient use of chemical fertilizer by shoot of plants irrigated with W100 regime was enhanced with low rates of addition (N80 and N50) ( Table 5 ). This phenomenon, with slight decrease, was noticed with W80 and W60 regimes. Interaction of S x N indicated the increase of %NUE with S8 and S16 salinity levels comparing to fresh water. This was true, but in low extent, with W80 and W60 water regimes. Similar trend, but to somewhat lower extent, was noticed with NUE of root. The highest %NUE was recorded with N50 interacted with FW under W100. It is obvious that N utilized by root was severely negatively affected by water regime and salinity levels while it enhanced with reduction in N fertilizer rates. It means that these rates meet the plant demand resulted in the most benefits from the added doses.
Our results of Ndff and %NUE are in consistent with those reported earlier by Aly et al., (2005) who found that aerial green parts (leaves) of sugar beet were more effective in utilizing the N derived from fertilizer. This effective source of N derived by green parts was responded well to increase water regime and splitting of N-fertilizer additions. They reported similar trend of salinity effect on %Ndff by roots which was noticed under WII water regime. Also, the highest percent of N derived from fertilizer was recorded with the higher salinity level of 12 dS m -1 (84.2%) under NI, and (85.7%) under NII treatments. Contrary, the absolute values reflected that the amounts of N derived from fertilizer were higher in case of 4 and 8 dS m -1 levels than the 12 dS m -1 level. In this respect, the highest amount of Ndff was recorded with 4 dS m -1 level (0.69 g L -1 ) under NII and WII treatments.
